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Abstract 

We have developed a concept of parallel existence of the ordinary (O) and mirror (M), 
or shadow (Sh) worlds. In the first part of the paper we consider a mirror world 
with broken mirror parity and the breaking Eq —>■ SU{3)^ in both worlds. We show 
that in this case the evolutions of coupling constants in the O- and M-worlds are not 
identical, having different parameters for similar evolutions. Eq unification, inspired 
by superstring theory, restores the broken mirror parity at the scale ~ 10^*^ GeV. With 
the aim to explain the tiny cosmological constant, in the second part we consider the 
breakings: Eq 50(10) x U{l)z - in the 0-world, and E'^ SU{Qy x 5^/(2)'^ - 
in the Sh-world. We assume the existence of shadow 6'-particles and the low energy 
symmetry group SU^SYq x S'?7(2)^ x SU{2)q x in the shadow world, instead of 

the Standard Model. The additional non-Abelian SU{2)g group with massless gauge 
fields, "thetons", has a macroscopic confinement radius 1/Ag. The assumption that 
A'g ^ 2.3-10^'^ eV explains the tiny cosmological constant given by recent astrophysical 
measurements. In this way the present work opens the possibility to specify a grand 
unification group, such as Eq, from Cosmology. 



Dedicated to the Memory of Kazuhiko Nishijima, 
the founder of the concept of Shadow Universe [1]. 



1 Introduction 



Modern models for Dark Energy (DE) and Dark Matter (DM) are based on precise measurements 
in cosmological and astrophysical observations [2-6]. 

Supernovae observations at redshifts 1.25 < z < 1.7 by the Supernovae Legacy Survey 
(SNLS), cosmic microwave background (CMB), cluster data and baryon acoustic oscillations by 
the Sloan Digital Sky Survey (SDSS) fit the equation of state for DE: w = p/p with constant w, 
which is given by Ref. [6]: 

w = -1.023 ±0.090 ±0.054. (1) 
The cosmological constant (CC) is given by the vacuum energy density of the Universe [2-6]: 

CC = p,ac ~ (3 X 10-=^ eV)^ (2) 

The result w ~ — 1, given by Eq. ([1]), is consistent with the present model of accelerating 
Universe [7-11] (see also reviews [12-14]), dominated by a tiny cosmological constant and Cold 
Dark Matter (CDM) - this is the so-called AC DM scenario [15]. 

The present paper is devoted to the problem of cosmological constant: why it is extremely 
small. This study develops some ideas considered in Refs. [16-21], but leads to a new interpretation 
of the possible structure of the Universe having such a tiny CC. 

Our model is based on the following assumptions: 

• Grand Unified Theory (GUT) is inspired by the superstring theory [22-27], which predicts 
Eq unification in the 4-dimensional space [27], occurring at the high energy scale M^jg ^ 10^^ GeV. 

• There exists a Mirror World (MW) [28,29], which is a duplication of our Ordinary World 
(OW), or Shadow World (ShW) [1,30] (hidden sector [31]) , which is not identical with the 0-world, 
having different symmetry groups. 

• The M- world with broken mirror parity (MP) [32-34], or Shadow world [16-21], describes 
DE and DM. 

• We assume that Eq unification restores mirror parity at high energies ~ 10^^ GeV (and at 
the early stage of the Universe). Then the Mirror World exists and the group of symmetry of the 
Universe is Eq x Eq (the superscript 'prime' denotes the M- world). 

In this paper we consider two models with Eq unification, one with mirror world and one 
with shadow world. It is well known (see, for example, Ref. [35]) that there are three schemes of 
breaking the Eq group: 

i) Eq -> SU{3)i X SUi3)2 X 5t/(3)3, (3) 
li) Eq 50(10) X f/(l), (4) 
ill) Eq SU{Q) X SU{2). (5) 

In the first case, we consider the possibility of the breaking 

Eq ^ SU{3)c X SU{3)l X SU{3)r 

in both O- and M-worlds, with broken mirror parity. The model has the merit of an attractive 
simplicity. We should emphasize that this breaking scheme is the only one which enables us to 
obtain the Eq unification of the O- and M- worlds below the Planck scale and with plausible values 
for the SUSY and seesaw scales. It is quite impossible to obtain the same Eq unification in the 
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O- and M-worlds if we have the same breakings ii) or in) in both worlds, with broken mirror 
parity. However, with this model we are unable to explain the tiny CC given by astrophysical 
measurements, because in this case we have in the low-energy limit the SM in both worlds, which 
forbids a large confinement radius (i.e. small scale) of any interaction. In the second case, we 
assume different breakings of the unification in the O- and Sh- worlds: 

Eg 50(10) X f/(l), 

E'q SU{6y X SU{2)', 

thus being able to explain the small value of the CC, due to the additional SU (2)' gauge symmetry 
group appearing at low energies in the Sh-world, which has a large confinement radius. We should 
point out that there are no other possibilities of breaking the Eq group, except the breakings 

m-m- 

In the present paper we consider the idea of the existence of theta-particles, developed by 
Okun [36, 37jl|. In those works it was suggested the hypothesis that in Nature there exists the 
symmetry group 

SUi3)c X SUi2)L X U{1)y x 5f/(2)e , (6) 

i.e. with an additional non-Abelian SU{2)g group whose gauge fields are neutral, massless vector 
particles - thetons. These thetons have a macroscopic confinement radius l/Ag. Here we assume 
that such a group of symmetry exists in the Shadow World at low energy with ~ 10-3 eV and 
provides the tiny cosmological constant. 

2 Superstring theory and Eq unification 

2.1 Superstring theory 

Superstring theory [22-27] is a paramount candidate for the unification of all fundamental gauge 
interactions with gravity. Superstrings are free of gravitational and Yang-Mills anomalies if the 
gauge group of symmetry is 50(32) or E^ x E^. 

The 'heterotic' superstring theory i^g x E'^ was suggested as a more realistic model for unifi- 
cation [24,25]. This ten-dimensional Yang-Mills theory can undergo spontaneous compactification. 
The integration over six compactified dimensions of the E^ superstring theory leads to the effec- 
tive theory with the Eq unification in the four- dimensional space [27]. Among hundreds of papers 
devoted to the Eq unification, we would like to single out Refs. [38-45]. 

2.2 The group 

Three 27-plets of Eq contain three families of quarks and leptons, including right-handed neutrinos 
Nf {i = 1, 2, 3 is the index of generations). Matter fields (quarks and leptons) of the fundamental 
27-representation of the flipped Eq decompose under SU{5) x U{l)x subgroup as follows: 

27 ^ (10, 1) + (5, -3) + (5, -2) + (5, 2) + (1, 5) + (1, 0). (7) 
^We are grateful to M. Yu. Khlopov for this information. 
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The first and second numbers in the brackets of Eq. ([7]) correspond to the dimensions of the SU{5) 
representation and to the U{l)x charges, respectively. The Standard Model (SM) family which 
contains the doublets of left-handed quarks Q and leptons L, right-handed up and down quarks m^, 
d'^, also and right-handed neutrino iV^ belongs to the (10, 1) + (5, —3) + (1, 5) representations of 
the flipped SU (5) x U{l)x- These representations decompose under the groups with the breakings 

SUib) X Uil)x ^ SUi3)c X SUi2)L x f/(l)z x U{l)x. (8) 
Then, for the decomposition ([8]), we have the following assignments of particles: 

(io,i)^g^ (^) 

d"" -fs, 1,-^,1 



3 

-(1,1,1,1). (9) 



(5,-3)^ ^1^,1,1-, -3 
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(1,5)^ e' -(1,1,1,5). (11) 
The remaining representations in ([8]) decompose as follows: 

(5,-2)^ D ~(3,l,-i,-2 

(5,2)^ D' ~(3,l,i,2 

If - (;;°) -(1.2.4.2). (13) 

The light Higgs doublets are accompanied by the heavy coloured Higgs triplets D, which are 
absent in the SM. The singlet field S is represented by (1,0): 

(1,0)^^. (14) 

Let us remark that the flipping of our SU{5), 

d"" ^ N"" ^ e^ (15) 

differentiates this group of symmetry from the standard Georgi-Glashow SU{5) [46]. 
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3 Eq unification in ordinary and mirror world 



In this Section we consider the hypothesis that there exists in Nature a mirror world, parallel to 
our ordinary world [28,29] (see also Refs. [47-61]). This M- world is a mirror copy of the O- world 

and contains the same particles and types of interactions as our visible world. The observable 
elementary particles of our 0-world have the left-handed (V-A) weak interactions which violate 
P-parity. If a hidden mirror M-world exists, then mirror particles participate in the right-handed 
(V-f-A) weak interactions and have the opposite chirality. 

Lee and Yang were the first [28] to suggest such a duphcation of the worlds, which restores 
the left-right symmetry of Nature. They introduced a concept of right-handed particles, but 
their R-world was not hidden. The term 'Mirror Matter' was introduced by Kobzarev, Okun and 
Pomeranchuk [29]. They suggested the 'Mirror World' as the hidden sector of our Universe, which 
interacts with the ordinary (visible) world only via gravity or another very weak interaction. They 
have investigated a variety of phenomenological implications of such parallel worlds (for recent 
comprehensive reviews on mirror particles and mirror matter, see Refs. [62,63]). 

We have assumed that at very high energies ~ 10^^ GeV, there exists Eq unification, predicted 
by superstring theory, in both O- and M-world. In this case, mirror parity (MP) is restored and 
we have the group of symmetry Eq x E'q. 

3.1 Particle content in the ordinary and mirror worlds 

At low energies we can describe the ordinary and mirror worlds by a minimal symmetry 

GsM X G'gj^, 

where 

GsM = SUi3)c X SUi2)L X U{1)y 

stands for the Standard Model (SM) of observable particles: three generations of quarks and 
leptons and the Higgs boson. Then 

G'sM = SUiSYc X SU{2y^ X UilYy 

is its mirror gauge counterpart having three generations of mirror quarks and leptons and the 
mirror Higgs boson. The M-particles are singlets of Gsm and the 0-particlcs are singlets of G'gJ^^. 
These different 0- and M-worlds are coupled only by gravity, or possibly by another very weak 
interaction. Including the Higgs bosons we have the following SM content of the 0-world: 

L-sct: (u, d,e, z/, ii, d,e, N)l,<I>u, <^'d; 

R — set : (u, d, c, u, u, d, e, N)r , <i>u, <i>d; 

with the antiparticle fields: ^u,d = ^ud^ V'-R = C'ToV'l ^.nd ipi = Cjoip'^. 

Considering the minimal symmetry Gsm ^ ^'smi have the following particle content in 
the M-sector: 

L' - set : (u', d', e', z/', u', d', e', N')l , <, $d; 

R' - set : («', J', e', z>', m', d' , e', N')r , <l^, 

In general, we can consider a supersymmetric theory when G x G' contains the grand unification 
groups SU{5) X SU{5y, 50(10) x 50(10)', Eq x E'^ etc. 
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3.2 Mirror world with broken mirror parity 

In the general case, mirror parity (MP) is not conserved, and the ordinary and mirror worlds are 
not identical [32-34,57-61] in the sense that, although the chain of breakings of the gauge groups 
is the same in both worlds, the energy scales at which these breakings take place are different. 
If the O- and M-sectors are described by the minimal symmetry group 

GsM X C'sM 

with the Higgs doublets $ and respectively, then in the case of non-conserved MP the VEVs 
of $ and are not equal: v ^ v'. In accord with Refs. [32-34,57-61], we assume that 

v' » V 



and introduce the parameter characterizing the violation of MP: 



v' 



C = -»l. (16) 

Then the masses of fermions and massive bosons in the mirror world are scaled up by the factor 
( with respect to the masses of their counterparts in the ordinary world: 

^'q',l' = Cmq,l, (17) 

Mw',z',^' = CMw,z,^, (18) 

while photons and gluons remain massless in both worlds. 

Let us consider now the expressions for the running of the inverse coupling constants, 

a~^{fjL) = l^ln^, in the 0-world; (19) 
27r Ai 



a';\n) = — In^, in the M-world. (20) 



Here i = 1, 2, 3 correspond to U (1), SU (2) and SU (3) groups of the SM (or SM'). A big difference 
between the electroweak scales v and v' will not cause the same difference between the scales Aj 
and A^. Hence, 

a: = CA. (21) 
The value of ( was estimated by astrophysical imphcations [32-34] which led to 

C ^ 30. (22) 

In general, C can be considered in the range 10-100. 
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3.3 Seesaw scale in the ordinary and mirror worlds 



In the language of neutrino physics, the 0-neutrinos i^e, t'/x, z^t are active neutrinos, while the M- 
neutrinos z/^, z/^, z/^ are sterile neutrinos. The model [32-34,57-61] provides a simple explanation 
of why sterile neutrinos could be light, and could have significant mixing with the active neutrinos. 

If MP is conserved (C = 1), then the neutrinos of the two sectors are strongly mixed. But 
it seems that the situation with the present experimental and cosmological limits on the active- 
sterile neutrino mixing do not confirm this result. If instead MP is spontaneously broken, and 
( » 1, then the active-sterile mixing angles should be small: 

e,u' ~ ^. (23) 

As a result, we have the following relation between the masses of the light left-handed neutrinos: 

ml ^ Cm,y. (24) 

In the context of the SM, in addition to the fermions with non-zero gauge charges, one 
introduces also the gauge singlets, the so-called right-handed neutrinos Na with large Majorana 
mass terms. According to Refs. [32-34,57-61], they have equal masses in the O- and M-worlds: 

<a = M,,a. (25) 

Let us consider now the usual seesaw mechanism. Heavy right-handed neutrinos are created 
at the seesaw scales M/j in the 0-world and Mjj in the M- or Sh-world. From the Lagrangian, 
considering the Yukawa couplings identical in the two sectors, it follows that 



' ^ (26) 



and we immediately obtain the relations (12^ . with 

M'j, = Mr. (27) 

Then we see that even in the model with broken mirror parity, we have the same seesaw scales in 
the O- and M- or Sh-worlds. 



4 Model with breaking Eq SU{3)c x SU{3)l x SU{3)r in 
ordinary and mirror worlds 

We assume that in the ordinary and mirror worlds there exists the symmetry 

G X G'. 

In the ordinary world, from the SM up to the Eq unification, G represents the following chain of 
restoration of symmetry groups: 

SU{3)c X SU{2)l X U{1)y 
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^ [SUi3)c X SU{2)l X U{l)y]suSY 

SU{3)c X 5f/(2),. X SU{2)r x f/(l)x x U{l)z 
^ 5f/(3)c X 5f/(3)i X SUi2)R X f/(l)z 
^ SU{3)c X 5f/(3)z. X 5f/(3)K ^ ^6, (28) 
and in the mirror world G' represents the symmetry group chain of the same structure: 

SU{3)'c X SU{2)'l X [/(l)'y 

^ [5t/(3)^ X 5f/(2)^ X f/(l)'^]5c/5y 

^ SUi3yc X Sf/(2)^ X Sf/(2)'« X U{iy^ X t/(l)^ 

^ SU{3rc X 5t/(3)l X 5f/(2)^, X f/(l)'^ 

^ 5t/(3)^ X SU{3y, X 5f/(3)'^ ^ (29) 

Also we have assumed that the Eq unification, being the same in the O- and M-worlds f-Ee = Eq, 
which means the same unification scales, Me^ = M'^^, with the same super-super- GUTl!| coupling 
constants, gEg = q'e^), restores the broken mirror parity MP at the super-super-GUT-scale Mei^ ~ 
10^^ GeV. At low energies we have the Standard Model in both worlds, Gsm x G'^jy/, for which 
case the mirror world with broken mirror parity has been studied in Refs. [32-34,57-61]. 

4.1 Gauge coupling constant evolutions in the O- and M-worlds 

In this work we consider the running of all the gauge coupling constants in the SM and its 
extensions which is well described by the one-loop approximation of the renormalization group 
equations (RGEs), since from the Electroweak (EW) scale up to the Planck scale {Mpi) all the non- 
Abelian gauge theories with rank r > 2 appearing in our model are chosen to be asymptotically 
free. With this aim we consider only the Higgs bosons belonging to the N + N representations 
for SO{N) or SU{N) symmetry breaking [44]. 

For the energy scale n > Mren, where Mren is the renormalization scale, we have the following 
evolution for the inverse coupling constants given by RGE in the one-loop approximation: 

a;\fi) = ar\Mren) + ^t, (30) 

where 

"^ = 4^ 

and gi is the gauge coupling constant of the gauge group Gj. Here 



t = In 



Mr. 



The coefficients (slopes) bi, describing the running of the coupling constants with our choice of 
gauge groups and particle content, are given in Table 1 (according to Refs. [20,44,64,65]), for 
both O- and M-worlds. 



^The prefix "super" refers to higher unification scales, in the order GUT, super-GUT, super-super-GUT etc. 
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NonSUSY groups: 


SU{3)c 


SU{2)l 






bi-. 


7 


19/6 


-41/10 




SUSY groups: 


5[/(3)c 


SU{2)l,r 


5[/(2)i X 5[/(2)fl 


C7(l)y 


uSUSY. 
i 


3 


-1 


622 = —2 


-33/5 




SU{3)c X SU{3)l 


U{l)x 


U(l)z 


5C/(3)c X SU{3)l X 5!7(3)« 




633 =9 


-33/5 


-33/5 


6333 =21 



Table 1: The coefficients bi in the O- and M- worlds. 



In the following, we shall use the fact that the running of the coupling constants is the same 
in the O- and M-world, since the gauge groups of symmetry and the particle content are the 
same in the two worlds, but the scales of the gauge symmetry breakings are different, due to the 
violation of mirror parity. 

In our model we shall consider 

C = 10. (31) 

4.2 Standard Model 

We start with the SM in the ordinary world: 

GsM = SU{3)c X SU{2)l x U{1)y 



and SM' in the mirror world: 



G'sM' = SUiSYc X 5C/(2)'^ X U{1)\ 



Y- 



For compactness of notation, in the following we shall denote by a^'^^^ the inverse of various 
coupling constants and by Mren the various renormalization scales belonging to either ordinary 
world (the non- primed symbols) or mirror world (the primed symbols) . For energy scales n > Mt 
{Mf - top quark mass) in the SM and // > M/ (M/ = (Mt - mirror top quark mass) in the SM' we 
have the following evolutions (RGEs) [64-66] for the inverse couphng constants af^"^ (i = 1, 2, 3 
correspond to the C/(1)W, SU{2)'{f and SU{3)'§ groups of the SM^^ respectively): 

ar\t) = at\MP) - ^t^'\ (32) 

at\t) = at\Mi'^) + ^t^'\ (33) 

c^-'{t) = c^-\MP) + l-1^\ (34) 

where 

a-i(Mt) = a[-\Ml) = 58.65 ± 0.02, (35) 

a^^Mt) = a'^-^Mi) = 29.95 ± 0.02, (36) 

a^\Mt) = a'f\M;^) = 9.17 ± 0.20, (37) 
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and the evolution variables are 



t = ln( A] and t' = \n ' ^ 



MtJ \Ml 
We have used the central value of the top quark mass (Particle Data Group [67]): 

Mt = 172.6 GeV, 

implying, for C = 10, = 1.726 TeV. 

In Eq. fl37j) the value of a^^{Mt) = 9.17 essentially depends on the value of 

a3{Mz) = as{Mz) = 0.118 ± 0.002 

(see Particle Data Group [67]), where Mz is the mass of the Z-boson. The value of a^^{Mt) is 
given by the running of aj^(/i) from Mz up to Mt, via the Higgs boson mass M^- Here we have 
used Mh = 130 ± 15 GeV, in accord with the observed experimental data at LEP2 and Tevatron. 
If we assume now that for fi < Mt in the 0-world: 

«,-!(/.) = In (38) 



and for /x < M/ in the M-world: 



with 



«'2"'(/i) = |^ln^, (39) 



'■2 



A'2 < A2 (e < 1 in dnD), (40) 

then we know that Og'' ^(/i) runs down to low energies, but stops at some scale with coupling 
constant corresponding to the Fermi constant Gp of the 4-fermion weak interaction. This is 
a consequence of the existence of the Higgs particles. As it was shown in Subsection 3.2, the SM 
VEVs of the Higgs fields are: ($) = v = 246 GeV and ($') = v' = (v. Then the intermediate 
bosons ly(iy) and Z{Z') acquire the masses Mw,z known in the SM and M{y, ^, given by Eq. f|T8l) . 
As a result, an extremely large confinement radius is absent. But if the intermediate bosons would 
not acquire mass due to the Higgs mechanism, then their gauge interaction would be characterized 
by a macroscopic radius of confinement. In this case we could have a scale A2 or A2 at extremely 
low energies. However, we do not have such an extremely small scale in the Standard Model. 



4.3 MSSM 

The Minimal Supersymmetric Standard Model (MSSM^'^) (which extends the conventional SM*^'^) 
gives the evolutions for af' ^{fi) {i = 1,2,3 correspond to the U{lY'\ SU{2Y'\ SU{3Y'^ groups, 
respectively) from the supersymmetric scale M^jj^y up to the seesaw scale M^^ , where the heavy 
(mirror) right-handed neutrinos are produced. In MSSM' the superpartners of particles, i.e., 
" sparticles" , have in the M-world the masses rh' = (m. This means that the supersymmetry 
breaking scale in the M-world is larger: 

^'sUSY = (MsuSY- 
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At the seesaw scale M'^ = Mr, the mirror right-handed neutrinos appear. 
From (152]) - fl34p . one easily obtains: 



a^\MsusY) = o:^-\M'susy) = 56.01, (41) 

a:^\MsusY) = «2"'(^W) = 31.99, (42) 

a^\MsusY) = o^i\M'susY) = 13.68 , (43) 

for MsusY = 10 TeV and M'^jj^y = C^susy = 100 TeV, when ^ = 10. Above these scales we 
have, according to Table 1: 

ar^(ti')) = ar^(MW,^)-^tW, (44) 

^-'^) = o^-\M%,y)-^1^, (45) 



with the respective evolution parameters in the O- and M-worlds: 



o^-'i^) = at\MllsY) + f ti'), (46) 



\MsusyJ 



t - In ( — ) and t[ = In ' ^ 



M' 



4.4 Left-right symmetry 

We assume that the following supersymmetric left-right symmetry originates in the 0-world at 
the seesaw scale Mr [68-70]: 

SU{3)c X SU{2)l X SU{2)n x U{l)x x U{l)z, 

and, correspondingly, in the M- world at the mirror seesaw scale = Mr. 

su{3yc X su{2y^ x 5t/(2)'^ X u{iy^ x ^(i)'^. 

The following evolutions appear at the seesaw scale and take place for jj > M^^: 

-r'm=-r\Mi^y)-^t^;\ (47) 

«r(4'^)=«r(MW)-^tw, (48) 
4r(t('))=«r(MW)-itw, (49) 

with 



«. = l„(^) and = 1.(^1. (50) 
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4.5 SU{3)c X SU{3)l, SU{3)c x SU{3)l x SU{3)r and Eq unification 



The intersection of the evolutions (H6l) and (H9l) for the 0-world couphngs gives the scale Mqut = 
3.91 ■ 10^^ GeV. The evolution of the Abelian group U{l)x'- 

33 

a],\tr) = a],\MR) - —tr, (51) 

which has appeared at the seesaw scale Mr, meets the point Mqut- 

Then we have the evolution for SU{'i)c x SU{'i)L from Mgut = 3.91 ■ 10^^ GeV up to the 
super-GUT scale Msgut = 3 ■ 10^^ GeV : 

«33 (i.) = "33 (^GC/r) + (52) 

with the evolution parameter 

/i 



tg = In 



M, 



GUT 



Here Msgut is the scale of the SU{3)c x SU{3)l x S'f/(3)ij-unification. 

In our model, from Msgut = 3 ■ 10^^ GeV up to Me^ = 5 ■ 10^^ GeV we have the evolution 
for SU{3)c X SU{3)l x SU{3)n: 

21 

«333(^3g) = a^isi^SGUT) + ^tsg, (53) 

with 



tsg = In 



. Msgut , 

From Msgut = 3 ■ 10^^ GeV down to Mr = 10^^ GeV we have the evolution of the Abelian 
U{l)z-gTOup: 

33 

c^z\tr)=a-/{Mn)-—tr, (54) 
and down to Mgut ^ the evolution of the non-asymptotically free supersymmetric 5'f/(2)/{-group: 

a^^iU) = a^^iMn) - (55) 

with tr given by Eq. (l50l) . 



4.6 Mirror symmetries SUi^Yc x ^[/(S)^ and 5^7(3)'^ x 5^7(3)^ x 5'[/(3)i^ 



The intersection of the evolutions ( 1461) and (l49l) for the M-world couplings leads to the scale 
M^UT = 2.46 ■ 10^6 GeV. The evolution (gTD of a'x\K) which be gins its running from the seesaw 
scale Mjj, has its end at the point Mqut- Then we have the evolution for SU (3)^ x SU{3yi^ from 
M'qjjj, = 2.46 ■ 10^^ GeV up to M'sgut — 10^^ GeV (which is arbitrarily chosen, because it is not 
given by the theory): 

o^'^liQ = c^'s^iM'Gur) + 1^^;, (56) 
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with 



t' = In 



^ \ M' 



From M'sQ^r^ = 10^^ GeV up to M^g = M^^ = 5 ■ 10^^ GeV we have the evolution: 

«'333(4) = «'3"33(^W) + ^4 (57) 

with the evolution parameter 



From M'gQuj, — 10^^ GeV down to = 10^^ GeV we have the evolutions: 



« z «) = « z (M;,) - — <, (58) 

«'2i5«) = «'2i(M;j) - ^t;. (59) 

The total picture of the evolutions in the O- and M-worlds is presented simultaneously in Fig. 1 
for the case: 

MsusY = 10 TeV, 
Mr - 10^2 GeV, 

which give: 

Mgut = 3.91 • 10^^ GeV. 
The value of the super-GUT scale in the 0-world, 

MsGUT = 3 • 10^^ GeV 

depends of the choice of MgQjjj,. 
We have chosen: 



It is obvious that in this case 



which give: 
Here 

is arbitrarily chosen and gives: 



C = io. 

M'susY = 100 TeV. 
M'r = 10^^ GeV, 



M'a^:^ = 2.46 • 10^^ GeV. 



M'sGUT = 10^^ GeV 



a'sGUT' = 28.88. (60) 
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Finally, we obtain the Eq unification at the scale 

M'j,^ = Me, = 5- 10'' GeV, 
where the inverse coupling constant attains the value 

^'~eI = ^eI = 40.82 . (61) 

Fig. 1 visually demonstrates the possibility of the Eq unification in our model, with the 
breaking scheme Eq — > SU{3)^ in both O- and M- worlds. 

5 Cosmological constant in the model of shadow theta- 
particles 

In the previous section we have presented an example of the gauge coupling constant evolutions 
from the SM up to the Eq unification scale in the ordinary and mirror worlds with broken mirror 
parity. We have assumed that the Eq group of symmetry (inspired by superstring theory) under- 
goes the breaking: Eq SU{3)c x SU{3)l x SU{3)r in both worlds (O and M) and gives the 
SM group of symmetry at lower energies. Of course, such a Universe could exist, but it is difficult 
to find a simple explanation why the observable CC has such a tiny value ([2]), since, as we have 
discussed in Subsection 14. 2[ the considered model with mirror world does not have an extremely 
large radius of confinement of any gauge interaction. Thus, it is impossible to conceive a vacuum 
with extremely small vacuum energy density. 

5.1 Theta-particles 

In Refs. [36,37], Okun developed a theory of 6'-particles assuming that in Nature there exists the 
symmetry group IQ: 

SUi3)c X SUi2)L X f/(l)y X 5f/(2)e, 

which contains a non-Abelian SU{2)g group with massless gauge particles, "thetons", having a 
macroscopic confinement radius l/Ag. Later, in Ref. [71], it was assumed that if any SU{2) group 
with the scale A2 ~ 10~^ eV exists, then it is possible to explain the small value ([2]) of the 
observable CC. The latter idea was taken up in Refs. [16-21]. 

In the present context we can obtain the group of symmetry ([6]) in the shadow world, but 
not in the ordinary world, as a natural consequence of different schemes of the E^g-breaking in 
the O- and Sh-worlds. 6'— particles are absent in the ordinary world, because their existence is 
in disagreement with all experiments. However, they can exist in the shadow world. By analogy 
with the theory developed in [36,37], we consider shadow thetons O'^;^, i = 1,2, 3, which belong to 
the adjoint representation of the group 5'f/(2)g, three generations of shadow theta-quarks q'g and 
shadow leptons I'g, and the necessary theta-scalars (p'g for the corresponding breakings. Shadow 
thetons have macroscopic confinement radius 1 /Ag , and we assume that 

A^ ~ 10-3 eV. (62) 
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5.2 Shadow World 



Superstring theory has led to the speculation that there may exist another form of matter - 
"shadow matter" - in the Universe (see [31]), which only interacts with ordinary matter via gravity 
or gravitational-strength interactions. The concept of Shadow Universe was first introduced by K. 
Nishijima [1]. Further development of this idea was given in Ref. [30] in connection with neutrino 
experiments. The shadow world, in contrast to the mirror world, can be described by another 
group of symmetry (or by a chain of groups of symmetry), which is different from the ordinary 
world symmetry group. 

In our model, we shall adopt for the 0-world the breaking 

Eq SO{lQi) X C/(l), 

while for the Sh-world, given the fact that at low energies we wish to have the extra SU (2)^ group, 
we shall consider the breaking 

E'^ su(6y X su{2y. 

5.3 The breaking Eq 50(10) x U{l)z in the ordinary world 

Let us consider now the evolutions of the inverse coupling constants in the 0-world and in the 
Sh-world, with the values of parameters C. and ^ fixed to 

C = 30 and ^ = 1.5. (63) 

As in the first part of our work, we again consider the running of all gauge coupling constants 
in the SM and its extensions which are well described by the one-loop approximation of RGEs. 
We assume that in the ordinary world, from the SM up to the Eq unification, there exists the 
following chain of symmetry groups: 

SU{3)c X SU{2)l X U{1)y ^ [SU{3)c x SU{2)l x U{1)y]susy 

^ SU{3)c x SUi2)L x SU{2)r x Uil)x x [/(l)z 
^ SU{4)c X SU{2)l X SU{2)n x U{l)z 

^ S0{1Q) X Uil)z ^ Eq. (64) 

5.3.1 Standard Model and MSSM 

Starting with the SM and MSSM in the ordinary world we repeat the results of Subsection 4.2. 
The running of the inverse coupling constants as functions of a; = logj^Q /x is presented in Fig. 2 
(a,b), using the scales MgusY — 10 TeV and Mr — 2.5 • 10^^ GeV. In these figures, sohd hues 
correspond to the ordinary world. Fig. 2(b) shows the running of the gauge coupling constants 
near the scale of the Eq unification (for x > 15). 
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NonSUSY groups: 
h: 


SUi3)c 
7 


SU{2)l 
19/6 


-41/10 




SUSY groups: 


SUi3)c 


SU{2)l,r 


SU{2)l X 5C/{2)h 


l/(l)y 


lySUSY. 
i 


3 


-1 


622 = -2 


-33/5 




5C/{4) 


U{l)x 




50(10) 




64 = 5 


-33/5 


-9 


610 = 1 



Table 2: The coefficients bi in the 0-world with the breaking Eq 50(10) x U{l)z- 



5.3.2 Left-right symmetry, 5*0(10) and Eq unification 

We assume that the following supersymmetric left-right symmetry originates at the seesaw scale 
Mr [68-70] : 

SU{3)c X SU{2)l X SUi2)R x U{l)x x f/(l)z. 
At the next step, we assume that the group 

SU{A)c X SU{2)l X SU{2)r 

of the Pati-Salam model [68] originates at the scale M4, giving the following extension of the 
symmetry group : 

SU{3)c X SU{2)l X SUi2)R x U{l)x x U{l)z 

^ SU{A)c X SU{2)l X SU{2)r x f/(l)^. (65) 
At the scale Mqut, the 5O(10)-unification occurs: 

SU{A)c X 5f/(2)i X SU{2)r 50(10). (66) 

The evolution of aiQ^fj.), corresponding to 50(10), occurs from the scale Mqut up to the super- 
GUT scale Msgut of the Eq unification: 

50(10) X f/(l)^ ^ ^6- 

The super-GUT scale is % 

Msgut = Me^ ~ lO^^GeV. 

The coefficients (slopes) 6j, describing the running of the coupling constants with our choice of 
gauge groups and particle content in the 0-world, are given in Table 2 (in accord with Refs. 
[20,44,64,65]). 

5.4 Gauge coupling constant evolutions in the shadow world 

5.4.1 Gauge coupling constant evolutions in the shadow SM' and MSSM' 

Let us consider now the shadow world and the extension of the SM', for the moment ignoring the 
extra SU{2)' group which survives at low energies in this scheme of breaking. The first steps of 
such an extension are: 

SU{?>)'c X SU{2)'l X U{1)'y 

■^A comment on terminology: the scales Mqut and Msgut in the model with Sh-world have nothing to do 
with the scales considered in the first part of the work, i.e. in the model with M- world (Section 4). 
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Nonsupersymmetric groups: 
bi-. 


SU{3Yc 
7 


5C/(2)i, 
19/6 


5C/(2)'g 
3 


1/(1)^ 
-41/10 


Supersymmetric groups: 
bi-. 


5(7(3);. 
3 


5[/(2)'^ 
-1 


su{2y, 

-2 


C/(1)V 
-33/5 




5[/(4)^ 
5 


m'x 

-33/5 


-9 


5[/'(6) 
11 



Table 3: The coefficients 6, in tfie Sfiadow World. 



[SUiSYc X 5[/(2)'^ X ?7(l);.]5c/5y 
^ [5[/(3)^ X 5t/(2)^ X Uiiy^ X t/(l)y5c/5y, 

and then 

[SUiSYc X 5f/(2)'^ X f/(l)';,]5C75y 
^ 5C/(4)^ X 5C/(2)^. 
In the SM'-sector of the shadow world we have the following evolutions: 

«7'(/^) = «7'(M;) + ^t' = ^\n^^ (67) 

for i = 1,2, 3, where M^' = C-^t- We should point out that the scales and A, are different, 
though the slopes are the same: 

b'i = bi. 

As in the mirror world of the first part of our paper, the supersymmetry breaking scale in 
the Sh-world is larger: M'gjjgy = C^susy- The shadow MSSM' leads to the evolutions a'~^{n) 
(where i = 1, 2, 3,), which run from the scale M'gjjgy up to the scale M'^ in the Sh-world. 

At the scale M'^ = Mr the shadow right-handed neutrinos appear and the chain of possible 
symmetries leading to the E'q unification is (sec Ref. [20]): 

[SU{-i)'c X SU{2)'^ X U{l)'y]susY 

^ [SU{2,)'c X SU{2)'^ X Uiiy^ X U{l)'z]susY. (68) 

[su{?,)'c X su{2y^ X uiiy^UsY ^ sui^y^ x su{2y^. m 

The coefficients hi (slopes), describing the evolutions in the shadow world, are given in Table 3 
(see Refs. [20,44,64,65]). 

5.4.2 Shadow gauge coupling constant evolutions from SU{6y 

In the shadow world the evolutions are quite different from the O- world. As a result, at the GUT 
scale MQjjrp we reach S'C/(6)'-unification, and not 5'O(10)'-unification: 

su{4yc X su{2y^ x t/(i)'^ ^ su{6y. (70) 

Then the SU{6y evolution occurs in the Sh-world up to the super-GUT-scale 

M'sGUT = ^Ba- 
le 



In the Sh-world the final chain is: 



su{6y X su{2y (71) 

where the SU{2y survives unbroken up to the low energies of SM'. 

Now we are confronted with the question: what group of symmetry SU (2)', unknown in the 
0-world, exists in the Sh-world, ensuring the E'q unification at the super-GUT-scale MgQ^rp = 

= M^^g? In this work we assume that this new SUiT)' group is precisely the S'?7(2)'g gauge 
group of symmetry suggested in Refs. [36,37]. 

The unification = E'q occurs at the scale : 

M'sGUT = M'e, = MsGUT = Me, ~ 10^^ GeV (72) 

and restores the mirror parity MP. 

Finally, we obtain the following chain of symmetry breakings in the shadow world: 

E'^ SUi^y X SU(2ye SU{Ayc X 5f/(2)'i x Sf/(2); x [/(l)'^ 

^ 5f/(3)'c X su{2y^ X su{2y, X u{iy^ x u{iy, 

SU{?,yc X 5f/(2)'^ X SU{2yg x f/(l)'^. (73) 



5.5 New shadow gauge group SU{2)'q 

The reason for our choice of the 5'f/(2)g group was to obtain the evolution a'^/(/i), which leads to 
the new scale f l62|) in the shadow world at extremely low energies, according to the ideas considered 
in Refs. [16-21,36,37]. 

By comparison with the content of the 27-plet of E^ having 16 fermions (see Eqs. (9-11)), 
we should consider theta-quarks as ^—doublets and shadow leptons as 6'— singlets. Then we have 
12+4 fermions, with 12 quarks having 3x2x2 degrees of freedom, corresponding to S'[/(3)c x 
SU{2)l X SU{2)0. The scalars 0^ also can be considered as doublets of S'[/(2)g. Theta-quarks can 
be heavier than ordinary quarks, having additional interactions with thetons. 

We start at high energies /i > M'^ with three generations of theta-quarks and assume the 
existence of two doublets of scalar fields 0g with (0^) ~ 10~^ eV. Then we have the following 
slopes given by Refs. [20], [44] (see also [64] and [65]): 

620 = 3 and h^^^^ = -2. (74) 

Of course, near the scale A'g only theta-quarks of the first generation contribute, and it is easy 
to obtain the value ?a 3 • 10~^ eV. Theta-quarks of the first generation are stable, due to the 
conservation of theta-charge [36,37]. 

We also consider a complex scalar field 

¥^9 = (1,1, 0,1), 

which is a singlet under the symmetry group 

G' = SU{3yc X 5f/(2)'^ X ?7(l)'y x 5f/(2);. 
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This comes from 27-plet of the E'q unification (see Eq. (14)). 

In Figs. 3 (a,b) we have shown the evolutions of all q;'~^(/x) in the Sh- world, given by dashed 
lines, together with (a*)- 

The comparison of the evolutions in the O- and Sh- worlds is presented in Figs. 4 (a,b). 

The parameters of our model are as follows: 

MsusY = 10 TeV, 
C = 30. 

M'susY = 300 TeV, 
Mr = M'^ = 2.5 • 10^^ GeV. 

M4 = 9.40 ■ 10^^ GeV, 
M4 = 3.01-10^^ GeV, 

Mgut = 1.10- 10^^ GeV, 
M'quj, = 6.37 • 10^^ GeV, 

MsGUT = M'scuT = = 6.98 • 10^^ GeV, 

and 

a^l = 21 M. (75) 

6 Cosmo logical Constant, Dark Energy and Dark Matter 

From the point of view of particle physics the cosmological constant naturally arises as energy 
density of the vacuum. 

For the present epoch, the Hubble parameter H is given by the following value: 

= 1.5 X 10-^^ GeV, (76) 

and the critical density of the Universe is 

Pe = SH^SnG = (2.5 x 10"^^ GeV)^ (77) 

According to the Particle Data Group [67] , the fraction of the dark energy corresponds to 

Pde ~ 0.75 pc ^ (2.3 X 10"^ eV)^ (78) 

The ACDM cosmological model predicts that the cosmological constant A is equal to 

CC — A = pyac = Pde- 



In this case we have: 

and 
Here 
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Given by Eq. (178|) . CC is extremely small. This is a result of recent cosmological observations (see, 
for example, Refs. [72-74]). 

Modern Quantum Field Theory (QFT) gives an energy scale of A much larger than the 
present cosmological value. This is the cosmological constant problem [75] and was well known to 
exist long before the discovery of the accelerated expansion of the Universe in 1998. 

There have been a number of attempts to solve this problem. 

Previously in Ref. [76] and also in Ref. [77, 78] it was shown that SUGRA models which 
ensure the vanishing of the vacuum energy density near the physical vacuum lead to a natural 
realization of the Multiple Point Model (MPP) [79-81] (see also the reviews [82,83]) describing 
the degenerate vacua with naturally tiny CC. 

In the present paper it is assumed that all contributions to CC are canceled, except the con- 
densates (zero mode contributions) of shadow 9 particles, especially thetons. Their contributions 
provide the minimum of the overall effective potential: 

mm Veff = Pde = Pvac ^ K - (2-3 x 10"=^ eV)^ (79) 

It is essential that in the low energy region we have the Gsm symmetry group in the 0-world, but 
the G'gj^p X SU{2)'q group of symmetry in the Sh-world. If we assume that superstring theory, or 
supergravity provides the cancellation of the SM and SM' contributions to CC, then we can relate 
the value fl79l) with the result of confinement given by 5'[/(2)g. This phenomenon is not obvious, 
but it is possible to fix the existence of the group of symmetry SU{2)'g as a consequence of the 
^^e-breakdown in the Sh-world, using (modern and future) astrophysical measurements. We have 
obtained Eq unification in the 4-dimensional space considering the spontaneous compactification 
of the ten-dimensional x E'^ superstring theory. The breakdown of compactification could be 
important in solving the cosmological problem (see for example [84-86]). We hope to investigate 
this problem in forthcoming communications. 

There exists an axial U{1)a global symmetry in our theory with a current having S'f/(2)g 
anomaly, which is spontaneously broken at the scale fg by a singlet complex scalar field (pe, with 
a VEV {if) = fe, i.e. 

^ = ife + cr) exp{iae/fe). (80) 

The boson ae (imaginary part of the singlet scalar field (pe) is an axion and could be identified 
with a massless Nambu-Goldstone (NG) boson if the U{1)a symmetry is not spontaneously broken. 
However, the spontaneous breaking of the global U{1)a by SU{2)'q instantons inverts ae into a 
pseudo Nambu-Goldstone (PNG) boson. 

The singlet complex scalar field ifg reproduces a Peccei-Quinn (PQ) model [87] (well known in 
QCD, but having a different meaning in our model). In the shadow world with shadow 6'-particles 
the vacuum energy density is given by Eq. fl79|) . which means that 

Ag ^ 2.3 X 10~^ eV. (81) 

Near the vacuum, a PNG mode qq emerges the following PQ axion potential: 

VpQ{ae) ^ {h'et (1 - cos(ae//,)) . (82) 

This axion potential exhibits minima at 

cos{ae/fe) = 1, (83) 
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I.e. 

Mmin = On = Svm/e, 71 = 0, 1, ... (84) 

For small fields ag we expand the effective potential near the minimum: 

Veff ^ (A',)^(l + liao/fe? + ..•) = (A^)' + ^m^a^ + (85) 
and hence the PNG axion mass squared is given by: 

m' ~ K'/fl (86) 

Let us assume that at the cosmological epoch when U{1)a was spontaneously broken, the value of 
the axion field ag was deviated from zero, and it was j„ ~ /g. The value of the scale fg ~ 10^^ 
GeV (near the Eq unification breaking scale) makes it natural that the U{1)a symmetry was 
broken before infiation, and the initial value j„ was infiated above the present horizon. So after 
the infiation breaking scale, and in particular in the present Universe, the field ag is spatially 
homogeneous (constant), and the initial energy density corresponding to ag^in is also spatially 
homogeneous: 

Pin = V{ag^i„) ^ A'^ (1 - cos(a0,i„/ fg)) , (87) 

and its value changes only with time. 

For the expanding Universe the equation of motion (EOM) of the classical field ag is: 

(Pag ^^dag X / V 

_2 + 3H-^ + r(a„)=0, (88) 

where H is the Hubble parameter (176|) . 
For small ag we have: 

V'{ag) = rrPag. (89) 
If ~ lO^'^ eV and jg ~ 10^^ GeV, then from Eq. fISBl) we obtain the value of the axion mass: 

m ~ t^glU ~ 10"^2 GeV. (90) 

Now, it is natural to assume that the initial velocity ag^in was small: 

hg^in ~ Ejg. (91) 

Then, for 3iJ^ ^ vn? the potential curvature V'iag) in the above EOM can be neglected, and we 
have a solution with ag remaining the constant in time. 

Now, having w? < 3H^, we see that the classical PNG field ag does not start the oscillation 
and in the present epoch its energy density remains constant (does not scale with time). In this 
case, for the present epoch, the energy of the PNG field ag can imitate dark energy, providing the 
equation of state p = wp with w ^ —1, but not exactly equal to —1 (quintessence model). Of 
course, to claim that this can explain the present amount of dark energy, one again must assume 
that the major constant contributions to the cosmological term are canceled by some means, 
i.e. the true cosmological constant is almost zero due to some (yet unknown) symmetry (see for 
example [78]), or due to dynamical reasons. Also the gravity itself can be modified so that it 
does not feel the truly constant terms in the energy (see for example Ref. [88]). In this case one 
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can ascribe the present acceleration of the Universe to such a PNG quintessence field, with the 
implication that the acceleration will not be forever, but it will finish as soon as ~ 3i7^ will 
be achieved. After that the PQ classical energy will behave as a dark matter component and not 
as dark energy. 

In the present paper we have suggested a model in which our Universe was trapped in the 
vacuum fl79|) and exists there at the present time with a tiny cosmological constant CC: 

CC = {A'g)^ ^ (2.3 X 10~^ eV)\ (92) 

Such properties of the present axion lead to the 'ACDM' model of our accelerating expanding 
Universe [7-11]. By this reason, the axion ag could be called an 'acceleron', and the field a given 
by Eq. ( IHOi) is an infiaton. 

6.1 Dark matter 

The existence of dark matter in the Universe, which is non-luminous and non-absorbing matter, is 
now well established in astrophysics. Recently very interesting investigations of DM were presented 
in Refs. [89-95]. 

For the ratios of densities, 

= Px/pc, (93) 

where pc is the critical energy density, cosmological measurements give the following density ratios 
of the total Universe [67]: 

no = ^r + + ^^A = 1, (94) 
where Qr is a relativistic (radiation) density ratio and 

= ^DE ~ 75% , 

for the mysterious Dark Energy, which is responsible for the acceleration of the Universe, while 

^nB + VLdm ~ 25%, (95) 

with 

^ 4% 

for (visible) baryons and 

^Idm ^ 21% 

for the Dark Matter. 

Here we propose that a plausible candidate for DM is a shadow world with its shadow quarks, 
leptons, bosons and super-partners, of which the shadow baryons are dominant: 

We see that 

meaning that the shadow baryon density is larger than the ordinary one. 
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The new gauge group SU{2)g gives the running of (q;')^^ (/x). Near the scale ~ 10~^ eV, 
the couphng constant grows infinitely. But at higher energies (see Figs. 3 and 4) this coupling 
constant is comparable with the electromagnetic one. Here we would like to emphasize that the 
shadow quarks Qq of the first generation are stable, and can participate in the formation of shadow 
"hadrons", which can be considered as good candidates for the Cold Dark Matter (CDM). So 
we have two types of shadow baryons: baryons b' constructed from shadow quarks q' which are 
singlets of S'f/(2)^, and baryons b'g constructed from the quark q' and two shadow ^-quarks q'g, in 
order to preserve 6'-charge conservation. Then, 

We shall study in detail the DM in a forthcoming communication. 

7 Conclusions 

We have considered cosmological implications of the parallel ordinary and mirror or shadow worlds, 
with broken mirror parity. The parameter characterizing the breaking of MP is C = v'/v, where 
v' and V are the VEVs of the Higgs bosons in the M (or Sh)- and 0-worlds, respectively. 

We have assumed that at very high energies there exists the Eq unification predicted by 
superstring theory, which restores the broken mirror parity MP at the scale ~ 10^^ GeV. We have 
chosen a model which leads to asymptotically free unification, what is not always fulfilled. 

In the first part of this paper, we have considered Eq unification in the O- and M-worlds 
with the breaking Eq SU (3)c x SU (3) l x SU (3)/?. The model of unification is very simple, but 
the unification is non-trivial. This breaking scheme is the only one which enables us to obtain the 
Eq unification of the O- and M- worlds below the Planck scale and with plausible values for the 
SUSY and seesaw scales. The other two possible breaking schemes of Eq in the O- and M- world, 
with broken MP, would not lead to unification. 

Aiming at explaining the tiny value of the cosmological constant CC, we have assumed the 
existence of a shadow (not mirror) world parallel to our ordinary world. For numerical calculations, 
we have used the value C = 30. The comparison of the couphng constants evolutions in the O- 
and Sh- worlds is given in Figs. 4 (a,b). The breaking of the unification Eq in the shadow world is 
based on the group i?g — > SU{<6)' x SU{2)g. The SU{2)'q part of our model follows the theory of 
Okun [36, 37] for theta-particles. 

The existence of the new gauge group SU (2)^ in the Sh-world gives significant consequences 
for cosmology: it explains the tiny value of CC and the ACDM model of our accelerating Uni- 
verse. It was shown in Subsection 6.1 that the existence of the scale A^ ~ lO"^ eV explains 
the value of cosmological constant, CC ~ (2.3 x 10~^ eV)^, which is given by recent astrophysical 
measurements. The bound states - shadow "hadrons" , the result of confinement of shadow quarks 
q' and q'g - are candidates for the Cold Dark Matter (CDM). 

It should be emphasized that the present work opens the possibility to study in detail the 
DM, and specify a grand unification group, such as Eq, from Cosmology. 
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Fig. 1: The running of the inverse couphng constants ^{x) in both ordinary and mirror worlds 
with broken mirror parity, from the Standard Model up to the Eq unification, for SUSY breaking 
scales MsusY = 10 TeV, M'^jj^y = 100 TeV and seesaw scales Mr = M'j^ = 10^^ GeV; C = 10. 
This case gives: Msgut = 3 • lO^^ GeV, M^^c/t = 10^^ GeV, Mg^ = 5 • 10^^ GeV and a^l = 40.82. 
Sohd lines correspond to the ordinary world, while dashed hues correspond to the mirror world. 
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Fig. 2: Figure (a) presents the running of the inverse couphng constants ^{x) in the ordinary 
world, from the Standard Model up to the Eq unification for SUSY breaking scale Msusy = 10 
TeV and seesaw scale Mr = 2.5 ■ 10^^ GeV. This case gives: Msgut = Me^ = 6.98 ■ 10^^ GeV and 
= 27.64. Figure (b) is the same as (a), but zoomed in the scale region from 10^^ GeV up to 
the Ee unification to show the details. 
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Fig. 3: Figure (a) presents the running of the inverse couphng constants a~^{x) in the mirror world 
from the Standard Model up to the unification for mirror SUSY breaking scale Mg^gY = 300 
TeV and mirror seesaw scale M'p, = 2.5 ■ 10^"^ GeV; C = 30. This case gives: MgQijj, = Af^j, = 
6.98 • 10^^ GeV and a^^ = 21. QA. Figure (b) is the same as (a), but zoomed in the scale region 
from 10^^ GeV up to the Eq unification to show the details. 
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Fig. 4: Figure (a) shows the running of the inverse couphng constants a~^{x) in both ordinary 
and mirror worlds with broken mirror parity, from the Standard Model up to the Eq unification 
for SUSY breaking scales Msusy = 10 TcV, M'g^gY = 300 TeV and seesaw scales Mr = M'^ = 
2.5 • 10^^ GeV; C = 30. This case gives: Msgut = M'squt = = 6-98 • 10^^ GeV and 

Qigg = 27.64. Figure (b) is the same as (a), but zoomed in the scale region from 10^^ GeV up to 
the Eq unification to show the details. 
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